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Abstract 
 
In the latex-bearing plants, the laticiferous system is the tubing structure that contains the 
latex and is constituted of living cells (laticifers). While laticifers are present only in a small 
percentage of the flowering plant species, they represent a type of specialized tissue within 
the plant where a myriad of metabolites are synthesized, some of them of considerable 
commercial importance. In this mini-review we synopsize the present knowledge about 
laticifer cells and discuss about their particular features as well as some evolutionary and 
ecophysiological cues and the potential exploitation of the knowledge generated around this 
peculiar type of plant cell. We illustrate some of these questions with the experience in 
Euphorbia lathyris laticifers and latex. 
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Approximately 10% of flowering plants exude latex upon tissue damage. Latex is a 
sticky suspension or emulsion of particles in an aqueous fluid containing a wide variety of 
plant metabolites and this fluid is usually held under pressure in living plant cells, laticifers. 
The chemical composition of latex is complex and highly variable depending on each plant 
species: terpenoids (rubber in Hevea brasiliensis), cardiac glycosides (in the Apocynales), 
alkaloids (morphine, codeine, and papaverine in Papaver somniferum), phenolic glucosides 
(in Cannabis sativa), sugar (in Asteraceae), large amounts of protein (in Ficus callosa) and 
tannins (Musa, Aroideae). Crystals of oxalate and malate may be abundant in latex and starch 
grains occur in laticifers of some genera of Euphorbiaceae 1. Laticifers are specialized cells 
(or rows of cells) that synthesize and accumulate this latex and were first described by De 
Bary in 1884 2 as ‘laticiferous tubes’ traversing the whole length of the mature parts of the 
plants as continuous. They have been found in 12,500 plant species of 22 families, including 
monocots and dicots, and are estimated to exist in more than 20,000 species of 40 families 3. 
Based on the laticifer anatomy two categories of laticifers were established: the articulated 
type and the nonarticulated type 2. Basically, nonarticulated laticifers (e.g., in Euphorbia 
lathyris) assemble a network that is essentially a single cell permeating the entire plant body 
while articulated laticifers (e.g., in Hevea brasiliensis) are a series of interconnected 
individual cells. The final tubing system is very similar in both types but the origin is 
completely different 4. Like secretory ducts, cavities and other specialized tissues, both types 
of laticifers are usually associated with vascular tissues, and they can occur in any organ 5. 
Nonarticulated laticifers arise from a single cell in the embryo, a cell that elongates along 
with plant development and grows intrusively between other cells via tip growth. The cells 
undergo karyokinesis without cytokinesis, resulting in multinucleate (coenocytic) cells. In 
some species, this kind of laticifer develops bifurcations with subsequent elongation of the 
branches, embedding the plant body with a network of tubes where the laticifer cells develops 
	 4	
by successive cycles of elongation and branching. Articulated laticifers, by contrast, are 
compound in origin and consists of rows of cells, derived from the surrounding phloem 
tissues, in which the walls between the individual cells can remain intact, can become 
perforated or can be completely removed. In the last case, the total perforation of those cell 
walls results in the laticifer tubing structure with a continuous, multinucleated cytoplasm. 
 
Although knowledge about laticifer cells is being generated, it is still lacking a total or 
partial model for development and differentiation of laticifers as well as for the latex 
metabolism. The main aspects studied about these cells are those peculiar features not found 
in other types of plant cells. The intrusive growth of the nonarticulated laticifer is one of 
those aspects 6, making this cell tens of centimeters long 7. Because of intrusive growth, the 
laticifer elongates between adjacent cells and it is assumed that processes of partial 
disassembly of the cell wall occur in those cells. In fact, there are clear evidences of 
differences in wall composition between laticifers and their surrounding cells, as found in 
Asclepias speciosa 8. It also has been observed that nonarticulated laticifers have no 
plasmodesmatal connections with their neighbors 8 and do not contain chloroplast 7,9. Large 
vacuoles occupy a substantial part of the laticifer cells so the exuded latex is likely a mixture 
of the vacuole content and the laticifer cytoplasm 10. The nonarticulated laticifers in 
Euphorbia lathyris can be observed with a whole-mount Sudan Black B staining which 
allows plotting the laticifer system inside the body plant in different tissues, e.g. leaf tissue 
(Fig. 1A), and the examination of special details, such as the laticifer tip on its way between 
adjacent cells (Fig. 1B). Moreover, the coenocytic nature of this cell can be confirmed by 
isolation of laticifer protoplasts (i.e., large fragments of individual laticifer cells) and nuclei 
DAPI staining (Fig. 1C), showing the characteristic spindle-like form (Fig. 1D) 11. It was 
proposed that laticifers were sensitive to auxin produced in the apical meristem 12 and the 
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identification and analysis of the shoot meristemless (sml) mutant in E. lathyris has 
confirmed this fact, since laticifer cell establishment was severely compromised in the 
cotyledons of this mutant lacking a distinguishable shoot apical meristem 11. Other aspects 
quite reported about laticifer cells are those related to latex metabolism, however, the huge 
variety of latex metabolites and proteins does not allow a simple scheme and the main focus 
is mostly put on latex-bearing plants with metabolites of high economic value and/or 
biological activity 4. And the role of the latex in the plant metabolism has not been decisively 
established. None of the latex metabolites have been found to participate further in the 
metabolism of the plant and, for instance, the latex starch does not function as utilizable 
carbohydrate in the laticifer cells 13,14. The identification of latex- and laticifer-deficient 
mutants (pil mutants) in E. lathyris (Fig. 1E) can provide new insights in several aspects of 
the laticifer cells and the latex metabolism 11. For instance, the absence of triterpenes in these 
mutants (Fig. 1F) corroborated, by solid genetic evidences, that these metabolites are latex-
specific. Whole-genome and whole-transcriptome amplification techniques are routinely 
performed for a lot of plant species but not for latex-bearing plants and only in the few last 
years some reports have appeared for transcriptomic analysis such as in Hevea brasiliensis 15 
and Euphorbia tirucalli 16 while genome sequencing has been reported in Hevea brasiliensis 
17, Cannabis sativa 18, Jatropha curcas 19 and Carica papaya 20. The knowledge derived from 
genome, transcriptome and gene expression profiles will help to understand the underlying 
gene networks in laticifers and latex. 
 
Latex and laticifers have been always associated to plant defense, especially against 
herbivores, but only few direct evidences can be found in the literature 21,22,23,24. The indirect 
evidences of this role are mainly based in the fact that most of the latex metabolites are toxic 
for herbivores or have a biological effect on them, as well as the fact that latex is mobilized to 
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the site of damage and the laticifers are internal secretory structures where plant defense 
metabolites can be stored 25. It has been also hypothesized a form of physical defense of the 
latex, referred to ‘squirt gun’, by means of which the pressurized flow of latex after tissue 
damage provides a physical barrier to an herbivore 26. Agrawal and Konno 27 have reviewed 
the concept of latex as a coordinated plant defense system presenting the evidences of latex 
as a trait that reduces herbivory or the preference or performance of herbivores. There are 
some studies dealing with latex activity against phytopathogenic microorganisms and it is 
well established that pathogenesis-related (PR) proteins are commonly found in latex 
including proteases, chitinases, proteinase inhibitors, glucanases, and oxidative enzymes 27. 
Perhaps the most prominent example is hevein, the major latex protein from H. brasiliensis, 
which exhibits antifungal activity upon several phytopathogens 28. It has been also reported 
that laticifer proteins from Calotropis procera and Carica candamarcensis inhibit in vitro 
growth of several necrotrophic and hemibiotrophic fungi although latex proteins from 
Euphorbia tirucalli and Plumeria rubra did not exert this inhibition 29. 
 
At this point, an unavoidable question sprouts about the evolutionary origin of latex 
and laticifers, and this question comes from different aspects of laticifer research. When 
defining laticifers on their anatomy, it is generally presumed that articulated and 
nonarticulated laticifers evolved independently and represent polyphyletic origins within 
vascular plants 1. Furthermore, the fact that latex is restricted to a small number of plant 
families, between many of which there is no evidence of close taxonomic relationship, 
suggests that the capacity to produce latex has been evolved more than once 30. The chemical 
composition of latex within a given laticiferous family also varies and even, within a genus, 
there are usually species with and without laticifers 4. In the ecological context, it has been 
hypothesize that latex is a highly convergent trait, providing plants with a defense system that 
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improves the fitness of the plant in the presence of herbivores, so it should have evolved 
independently several times 27. Additionally, latex has also been reported in conifers (e.g., 
Gnetum spp.), in pteridophytes (e.g., ferns) and even in the fungal kingdom (e.g., Lactarius 
spp). For Lange, two hypotheses (or a combination of both) are consistent with these 
observations: (a) laticifers existed in the last common ancestor of laticiferous clades but were 
lost in some species (divergent evolution), or (b) laticifers emerged multiple times in 
independent lineages (convergent evolution) 5. Kliebenstein postulates that if laticifers 
represent independent evolutions there is an implicit assumption of independent genes for 
each event and suggests that there must be a central module of genes providing the potential 
to repeatedly evolve laticifers, based on the fact that nearly every major plant group has 
species with laticifers 31. The question could be extensive to other specialized tissues and 
plant secondary metabolites, not only laticifers and latex. Phloem associated S-cells, 
accumulating glucosinolates, are similar in structure and function to the nonarticulated 
laticifers and both types of cells may share a common evolutionary origin. Hence common 
gene regulatory models could explain the vast majority of plant secondary metabolite 
specialized tissues 31. Going further in the evolution of laticifers, the question arises about 
what was present before, the biosynthetic capacity to produce certain metabolites or the 
convenient storage site for novel compounds, i.e., what came before, the metabolism or the 
compartment. 
 
Thus laticifer cells, as a type of specialized cells, represent a natural biofactory for the 
production of several types of compounds and chemicals. In this sense the main example is 
the case of the natural rubber, an isoprene polymer produced in the laticifer cells of Hevea 
brasiliensis (rubber tree) which is the only commercial source of this product. Another 
example is the photosynthetic production of hydrocarbons in the laticifer cells of the genus 
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Euphorbia as a source for renewable fuels. This idea, the hydrocarbon plants, was proposed 
and studied in detail by Nobel Prize Melvin Calvin more than 30 years ago 32,33 and in that 
moment several projects explored deeply this possibility as an alternative to petroleum 34. In 
our group, an experimental work has been developed for testing the suitability of E. lathyris 
as an energy crop with a further vision on a genetic breeding program directed to improve 
hydrocarbon yields and biomass. Additionally, the study of the biochemical, molecular and 
cellular basis of laticifer differentiation and latex formation can set up the basis to increase 
the content of energy-rich terpenes in this crop. The latex triterpenes account for the 6% of 
the dry weight of the biomass and generation of high yield new varieties are in progress in 
our lab that more than double this hydrocarbon content. The biocrude obtained after biomass 
extraction can be processed by cracking, as if crude oil, and it is compatible for blending 
purposes with fossil fuels (Fig. 2A-C). Additionally, in this plant other raw materials can be 
used with energetic purposes (Fig. 2D-F) making this plant a ‘zero-waste’ energy crop. 
 
In summary, laticifer cells represent a specialized cell with a complex metabolism and 
an unusual cellular arrangement and dynamics. We still have a long road to discover all about 
the astonishing biology beyond laticifer cells, their secret life, their function in the plant, their 
evolutionary origin, and the multiple possibilities that the latex-bearing plants can afford. 
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Figure Legends 
 
Figure 1. Laticifers in E. lathyris and latex-defective mutants (pil mutants). (A) Whole-mount 
Sudan Black B staining of leaf tissue showing the nonarticulated laticiferous system. (B) 
Whole-mount Sudan Black B staining of a laticifer tip. (C) Isolation of laticifers fragments 
and nuclei DAPI staining. (D) Detail of a laticifer fragment shoeing the spindle-like form of 
the nucleus. (E) Latex oozing in wilde-type plants and absence of latex in pil mutants. (F) 
GC-MS analysis of latex triterpenes leaf tissue of wt plants and pil mutants. Compounds are: 
1, internal standard; 2, lanosterol; 3, β -sitosterol; 4, butyrospermol; 5, cycloartenol; 6, 24-
methylene-cycloartanol. (G) Structures of the major triterpenes found in the latex of E. 
lathyris. 
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Figure 2. The latex bearing-plant E. lathyris as a hydrocarbon plant. (A) Triterpenes 
contained in the latex are suitable for cracking and yield a biocrude that can be used blended 
with gasoline. (B) The biocrude can be extracted from the biomass with a classical solvent 
extraction (right top) or using supercritical fluid technique (right bottom). (C) Laticifers cell, 
containing hydrocarbons, resembling oil refinery pipes. (D) Not only the latex triterpenes can 
be used with energetic purposes but also other parts of the plant like the high content 
carbohydrates, the high-oleic oil seed, the lignocellulosic residue and the seed cake residue. 
(E) The exploitation of all raw materials and energy-carriers results in high energetic yields. 
(F) From lab-to-field approach directed towards obtaining better agronomic performance and 
enhanced bioenergy potential. 
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